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_ (54) FAT PROCESS AND COMPOSITION

(71) We, UNILEVER LIMITED, a company organised under the laws of Great
Bnitain, of Unilever House, Blackfriars, London E.C.4, England, do hereby declare the
invention for which we pray that a patent may be granted to us and the methed by which it
is.to be performed, to. be particulirly described in and by the following statement:

This invention relates to fats particularly for edible purposes and their preparation by - 5

v
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2 . btippe

‘;)'i interesterification. - . . :

/')1 s The rearrangement by interesterification of fatty acid radicals amon triglyceride .
: ‘) " molecules is widely applied to meet the requirements, particularly the melting require-

ments, for fats, including glyceride oils, particularly for such edible applications as
10 margarine and bakery applications. - ' . :

The present invention proposes the use as the catalyst in interesterification reactions of a
lipase enzyme. : : ) .-

_The invention comprises an interesterification process in which fatty acid moieties of a

reactant composition comprising a fat are rearranged in li(luid phase by interesterification
15 in the presence of a lipase enzyme interesterification catalyst and an amount of waterto 15
. activate the enzyme. ] : .

The process of the invention is carried out at moderate temperatures, at which_the
enzyme is active ‘and under mild conditions which avoid the need for strongly acidic or
alkaline or other extreme conditions. Preferred temperatures are between 20 and 60°C,

20  particularly up to 50°C. according to the cagacity of the enzyme adopted to withstand * 20
_elevated temperatures. The reaction is in-the_liquid phase and may be facilitated by
dissolving the reactants in an organic ‘solvent, preferably low-boiling alkanes. e.g.
petroletm ether (60-80°C B range). The solvent should not affect the enzyme.

In contrast to conventional interesterification processes where even 0.1% water is

25 undesirable. requiring additional amounts of the catalyst. a small amount. usually up to 25
10% but preferably 0.2 to 1% water or buffer solution is necessary for the enzyme to }
- function and excessive precautions to dry the fat or other materials used in the process are .
therefore not required since any moisture they contain may contribute to the water required 1
- in the reaction. More than 155 water or buffer is less desirable in the present invention as - i
30 ‘“I)e rg;:srse hydrolysis reaction is thereby promoted. with the formation. of partial.. 30 i §
cerides. - . :

g)"I'he water required in the reaction may be:incorporated into the reaction medium

_adsorbed in a.support agent such as kieselguhr. which may be used 10 aid dispersion.also of

. the enzyme and, as explained later. preferably combined with the enzyme. Quantities are -

35  based on the weight of fatty reactants. The purpose of the buffer is to maintain the reactants 35 -

10

=

at a pH at which the lipase is reactive. o . .
The process of the invention can be applied to achicve the results of conventional
interesterification processes. .
Free fatty acid may be added to glyceride mixtures to contribute to the formation of :
40 plycerides in the rearrangement. together with other fatty acids liberated from the 40 i
trigycerides themselves in the course of the reaction. Preferably a molar ratio of 0.3:1 10 :
71 acids to glycerides is used according to the extent of reaction required. A”further
advantage which the present invention provides is due to the specific reactivity of certain
lipase enzymes. Whereas some will rearrange the fatty acid radicals on any position of the -
45 triglyceride molecule. others react only to change the radicals occupying specified positions, - 45
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'20 species from the product mixture and increasing their yield.

L.
while yet others. are reactive only to specific-fatty acid species. For example, Candida
lindracae lipase is non-specific and provides a true randomisation of all fatty acid radicals é
_ on all the glyceride positions, whereas Rhizopus enzymes arc specific to the 13 termirial
 acid radicals, giving very little change in-any 2-position acid radicals. Georrichum Candidum il
5  lipase on the other hand is specific to acids with-a double bond in the 9-position, e.g. oleic 5 ¢
and linoleic acids, regardiess of their position on the lyceride radical. - : : >
Again, since the process of the invention usually takes from 20 to 72 hours to complete. ’
according to conditions, less with fixed catalyst beds, it is possible to halt reaction at any - N
stape before a reaction is complete thus giving a further control in the modification of fats <
10  which has not hitherto been available 3n more rapid interesterification reactions. 10 bt
A widely xan%ing facility is therefore provided by combining the variables applicable to “<
the invention, for obtaining a wide range of products with the advantages outlined. :
The invention may be used to upgrade fats for a wide variety of purposes. For example , 2 I

more highly unsaturated acids may be replaced in glycerides by less unsaturated or L et

15 satwrated acids and vice versa, according 10 requirements. Again, the exchange may be 15
- effected in specific positions of the glyceride residue and/or by specific acids by using
enzymes of specific reactivity. Combinations of these various aspects of the invention may
be adopted to achieve particular products with a notable decrease in the production of less
desired glyceride fractions. thereby simplifying the separation of the required glyceride

i 20
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An important application of the. upgrading of fats and glyceride' oils by selective
replacement of fatty acid residues in their glyceride molecules in accordance with the
invention is in the provision of replacement fats for cocoabutter in the confectionary trade

from less expensive vegetable oils and fats. Cocoabutter itself contains substantial
25  quantities of 2-oleyl glycerides of palmitic and stearic acid and these confer the valuable 25
meliing characteristics for which the fat is so highly. prized, providing in chocolate
confectionary-a sharp melting in the region of body temperature. from a hard solid resisting
melting by handling to a mobile fluid flowing easily and quickly from the tongue. A few
alternative sources of vegetable butters. notably shea fat and illipe are of similar
30  constitution, but are themselves expensive and being largely uncultivated are of variable 30
quality. Palm oil is much cheaper and contains significant amounts. of dipalmityl
J.unsaturated glycerides and these are- recovered by fractionation. The bulk of the
glycerides of most vegetable oils however are unsaturated in at least one of the
alrha-positions in addition to the beta or 2-position. Attempls 10 upgrade these glyceride  ~
oils for the production of chocolate fats therefore require the specific replacement of13 35
d fatty acid radicals by saturated acids to harden the product. particularly
stearic acid, and where necessary also of any highly unsaturated acid radicals on the inner.
2-position by the oleyl radical. Both hydrogentaion and conventional interesterification-
processes ‘which may be used for this purpose in hardening processes are however
40 non-selective in affecting all the glyceride positions. Moreover. hydrogennlion processes 40 .
- are invariably accompanied by isomerisation. of any unsaturated acid radicals remaining in
the product from the natural cis-form to the trans-form, for example oleic acid to its isomer
elaidic acid. This isomerisation confers a different melting pointon a glyceride containing
_ trans-acid radical. the amount formed varying according to the catalyst and the reaction
45  conditions. greatly adding to the complexity of the reaction and the uncertainty of the
..~ characteristics of the product. By.the use of selective lipase the present invention provides-
selectively interesterified fats and a hardening process which is free from these defects,
enabling unsaturated acids or short-chain saturated acids in the 1- and 3-positions to be
replaced by saturated acids conferring improved melting characteristics on the product. The
50 . invention therefore’ provides as products hardened but still unsaturated fats which are 50
nevertheless free from elaidinisation. comprising glycerides of fatty acids. preferably from
- Cya to Csz and more particularly Cyq and Cix saturated fatty acids. The hardencd fats of the
invention are good cocoabutter replacements and preferably have an Iodine Value of 25 t0
40. reflecting 2 composition corresponding to an average in cach glyceride molecule of a )
55  single monoethylenically-unsaturated acid residue. This is in the 2-position and the 55 .
preferred hardened but unelaidinised and still unsaturated fats of the invention are
therefore substantially free from saturated acids in the 2-position. - .
The invention is morcover applicable to upgrading fats by increasing the degree of
unsaturation. This may be desirable for dietetjc reasons. fully unsaturated fats being prized
60 for their dictetic valuc. The replacement for this purpose may be particularly by linoleic
acid and by the use of positionally-selective lipase catalysts, may be confined 10 either the
outer or inner glyceride positions. o
The upgrading of fats in accorda
_ increasing polvunsaturated acid content.
65  culinary fats. In the former. preferably hardened fats contain at most 4
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fatty acids more than 85% of those which are in the 2-position being unsaturated.
The enzyme catalyst may be from animal, vegetable or microbial sources, preferably the
Jatter. Commercially available enzyme compositions may be suitable. Thiese are provided-as
powdered solids, incorporating protein and sugar materials and salts in addition to varying
amounts of the active enzyme and preferably contain the equivalent to 1 to 500 units of
activity/mg, based on the standard generally adopted of 1 unit releasing I micro mole of
fatty acid from olive oil substrate in 1 minute under standard conditions. According to
these, the olive oil is dispersed to form a 5% emulsion in.a 5% aqueous emulsion of gum
arabic containing 50 mM calcium chloride, the pH of the reaction being 6.0 and- the

. temperature 37°C. Preferably from 0.02 to 7% of these enzyme compositions are used by

weight of fatty reactants.

The reagents comprising fatty reactants including glyceride, water including buffer if
desired, and enzyme, are preferably agitated together throughout the reaction to- maintain
the enzyme dispersed, preferably in a closed vessel.to prevent the ingress of moisture.
Dispersion of the water and enzyme ma be facilitated by including in the reagents an
adsorbent, inert powder, for examplie a hiter aid-such as e.g. kieselguhr which adsorbs the

.water and attaches to the enzyme, preferably in an amount from 1% to 10% of the fatty
. reactants, i.e. fat or oil and their fatty aad. .

~ In many cases a small amount of free fatty acid and partial glycerides may be formed by
hydrolysis. These may be removed, together with any surplus free fatty acid by
conventional means including liquid-liquid extraction, alkali neutralisation or vacuum or
molecular distillation. Silicic acid chromatography is also suitable. Partial glycerides may
also be removed by crystallisation or absorption eﬁ. on silica. .

The purified glyceride product may be subjected to solvent fractionation or other
conventional processes to recover preferred components as required. The economy of the
process may be also im roved by enzyme recovery and re-use or by use in fixed beds,
particularly if it is carried on a support agent. Enzymes supported on a wide variety of inert
materials. usually in finely-divided form, for recovery and re-use are well known. Such
materials include carbon. cellulose. glass, Celite (Registered Trade Mark). alumina and
silica-based adsorption agents, lydroxylapatite; especially in bead form and synthetic
resins. These may be used as descnbed to aid dispersion of water and enzyme. Enzymescan
also be stabili§ed Tor re-use in an insoluble form. Such techniques are well known in enzyme
technology. for example in amino acid manufacture and in the production of fructose syrup
from glucose. : :

The invention may be applied to rearrangement of fatty acids commonly occurring in
fats, e.g. acids of comparatvely short chain length from Cq to C,s, or of longer chain acids
e.g. Cyq t0 Cyq Or even longer. e.g. Cay Of Cy. and they may be unsaturated with one or
more ethylenic bond. whether cis or trans-isomerised, or they may be saturated.

The fatty reagents of the invention comprise these acids whether in freeform or combined -

in glycerides. The invention may be applied to glycerides in animal, marine and vegetable
fats and oils. These chiefly comprise glycerides of C,4 and C,» farty acids. but include those
of shorter and longer chain acids, for example lauric fats, crucifera oils. Particular examples
of vegetable oils include palm. cottonseed. olive, soyabean and sunflower oils and their
derivatives. Vegetable butters are also suitable including in particular shea and illipe.

Example 1 - :
25 gms each of coconut oil and olive oil were stirred in a closed vessel at 40°C for 66 hours
with- 5% of their weight of Celite and approximately 2.5% of their weight of Candida

evlindracae lipase (1200 mgms equivalent to 45.000 units) and 0.7% of a 20 millimolar

buffer solution of N-trishydroxymethyl methyl-2-aminocthane sulphonic acid at pH 6.5.
The reaction misture obtained was centrifuged and the oil layer decanted. leaving a pellet
which was washed with 80 vol. % of the original oil mixture. using a petroleum ether of
boiling range 40 to 60°C. washings being added to the oil layer.

After removing the solvent by evaporation a reaction product was obtained in 96% yield -

of the original oil mixture.

A portion of the reaction product was analysed by application to a silicic acid thin layer

late which was solvent-developed using as developing solvent 60 parts of petroleum ether
(40-60°C fraction). 40 pasts of dicthyl cther and 1 part of formic acid. From the plate 72% of
a triglyceride range was obtained together with 16.5%-of diglyceride. 0.5% monoglyceride
and 10.3% free fatty acid. i

The composition of the triglyceride fraction was detcrmined by gas liquid chromatogra-
phy and is compared in Table | with that of the original coconut oil/olive oil mixture and the
<ame mixture when interesterified in the presence of a conventional alkali metal catalyst.

10

15

-20

30

35

40

45

50
55

60

NZAS-0032749



oy

4 ) 1 577 933 : 4
TABLE 1
N - Wt % triglyceride
5 Triglyceride . .5
carbon no. In oil Interesterified oil
(excl.gl{terol ) by enzyme by alkali metal
i residue . catalyst
- . 10 26 S0l 0.1 0.3 : 10
' 28 0.3 0.2 0.5 S
| . 30 11 § 0.5 g 0.7 § '
1 15 32 5.0 ) 14 ) .21 ) : 15
. . . ) '
i 34 6.7 ; 28.8 21 ) 149 2.1 g 15.4
H - 36 84 ) 42 i 4.0
i . 20 ; . 20
R 38 7.6 6.7 ) 6.5
S 40 45 ; 72 ) 6.6 3
; )
‘ 25. 42 - .34 % 13.1 ; 12.6 ; 25
5 : 44 19 ; 12.0 1.6 ) 60.9 14 3 60.9
46 12 ) 1.6 ) 117 )
30 ) ) ) 30
48 10 ) 174 ) 180 )
i 50 - 41 ) 6.8 ) 74 )
4 ) ) )
v 35 52 212 ) 74 ) 72 ) 35
: » _ ) 58.7 ) 23.9 ). 235
1 54 31.8 ; 9.3 ; 8.4 g
e 56 1.0 ) 04 ) 0.5 ) :
i S 40 - 40
< . ota . . ’
: Total 9.9 100 100

Substantial change of composition occurs between carbon numbers 40 and 48, from the

45  higher and lower carbon numbers. as a result of interesterification. This is exhibited bothby 45
’ - the enzyme-catalysed and alkali-metal-catalysed processes. The particular oils selected in
this Example show the effect of interesterification particularly well. since on the one hand

the fatty acid residues of coconut oil are predominantly of lauric and lower faty acids. * ... -

whereas on the other hand those of olive oil are predominantly of Cus acids. -

19

. 50

. Example 2 . . o

1. 2.5 parts of mid-fraction of palm oil. 1.5 pans of stearic acid. 0.25 parts of Celite and
0.004 parts of Rhizopus delemar lipasc (200 units/mgm). were all stirred togetherin a closed

) vessel with 8 parts of petroleum ether of boiling range 60 to 80°C and 0.02 parts of the

55  buffer described in the previous Example. at 40°C. The enzyme was ex Scikagaku Kogyo. 55

After 48 hours the mixturc obtained was diluted with 10 parts of petroleum ether of °

boiling range 40 to 60°C. and centrifugcd. The solvent was removed by evaporation and the -

1: residue analysed as before by thin layer chromatography. recovering a trighyceride fraction.

4 the fatty acid composition of which was determined by gas liquid chromatography and is

. 60 compared with that of the palm mid-fraction starting material in Table 2. The wiglyceride 60

F “was also subjected to treatment with pancreatic lipase. showing that 98% - of the

incorporated stearate residues were present in the 1- and 3-positions of the iriglyceride

B molecules. -

1. Particulars of the fatty acid distribution in the original palm mid-fraction and triglyceride -

V—

65  product in Table 2 appear with similar details for comparison of the following Examplesof . 65
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- "‘ which Example 2 was repeated- using 2 supported -enzyme, A. niger in Example 3. R.
. arrhizus in 4 and R. japonicus in 5.
) The procedure for preparing the’ supgoned enzyme was as follows:-
Lia 2 parts (7200U/gm) of the h&ase were dissolved in 20 parts of distilled water and S parts
. 5  Celite added with stirring at 0°C. 30 parts acetonc were then added over 5 minutes and = §
- L, © stirring continued for 30 minutes more. The solid product formed was filtered off and dried
i at. 20°C under reduced pressure.
JULER 0.25 parts of the Celite lipase (1028U/gm) powder were used in the reaction which
T otherwisc was carried out as before. -
< -‘-’ 10 The origins of the lipase material used were as follows:- 10
R A. niger : Amano Pharmaceutical Co., Japan;
L R. arrhizus ~: Soc. Rapidase, France; :
")' s R. joponicus : Nagase & Co. Ltd., Japan. )
N : : 15
] : TABLE 2
s
!
©? Fatty Acid
il 20  Triglyceride Lipase : — 20
) ]" ) 14:0 16:0 18:0 18:1 18:2
v PMF : 08 871 66 32 27
Y 25 Example 25
e . 2 R. delemar 1.0 374 29.6 30 - 20
| 3 A. niger 03 ~ 348 309 31.5 2.5
: \ v 0.0 16.1 27 © T16 3.6)
4 . R. arrhizus 03 37.4 30.5 29.8 2.0
l' 30 5 . *R. japonicus 0.3 372 323 28.6 1.6 30
. T v
L .
] The marked increase in stearic acid content of the triglyceride products provided by each
: 35  Ilipase is apparent, with no substantial change in the oleic or linoleic content. Significant 35
} . decrease in palmitic acid content is also evident. : ’
4 }‘ The data in parenthesis for Example 3 refers to analysis of the acids occupying ‘the
Py 2-position. From this the amount of individual triglyceride species in the inglyceride
. roduct recovered was calculated using van der Wal & Coleman's hyopthesis (J.A.0.C.S.
- da 40 3718 (1960) & 40 242 (1963) and Adv. Lipid Res. 1. 1(1963)). Results appear in Table3 40
: l and are compared with corresponding data for patm mid-fraction.
| TABLE 3
<> ; . :
J -45 - Triglyceride species PMF Interesterified triglyceride 45
da) , : _
'Y . pOP 57 : 18.7
3 - POSt : 13 - 367
V14 50  StOSt - 1 17.0
= Other glycerides’ . 29 -21.6
-)l( St = Stearyl '
Y 55 From Table 3 it is evident that a marked increasc in the amount of combined stearic acid
X occurs in the 2-oleyl symmetrical disaturated glycerides obtained in the product, the major
part being palmitostearyl 2-oleyl glyceride. :
“lv Analysis of the 2-position of the triglyceride products from the Examples in Table 2
J showed that 95-97% stearic acid radicals incorporated assumed the 1 3-positions. with
> 60  substantially.no removal of oleic acid radicals from the 2-position. . 60
J Example 3 was repcated at 50° and 60°C. yielding triglycerides containing 32.9% and -
1) 27.6% combined stearic acid respectively. -
Example 6 -
65 Example 3 was repeated except that the enzyme powder was also recovered and 65

NZAS-0032751



o v oSt 7,

yin eesemmommmme s e s

1577 933

10

15

20

25

30

.35

40

45

50,

55

60

re-incubated several times with fresh starting matenials. These were 2.5 parts cach stearic
acid and palm oil with water instead- of buffer. : A

TABLE 4

Wt % fatty acid

Fatty in . palm in interesterified triglyceride
acid oil . '

Incubation

1 2 "3 4 5 6
14:0 1.0 0.5 0.5 0.3 0.4 0.3 0.5
16:0 45.1 24.0 24.8 24.7 28.1 29.5 29.8
18:0 - 51 38.1. 38.3 40.3 34.8 31.5 30.9
18:1 39.3 29.8 29.2 28.1° 29:6 31.0 31.1
18:2 9.5 1.6 12 66 - 11 - 11 13
Incubation )
time (days) 2 2 3 2 2 -3
Parts of o ‘ ’ . ] :
water added 0.020 0.020 0.015 0.015 0.010 0.015

As shown in Table 4, less water was added later to avoid possibie build-up. The time for
¢ach cycle was varied only for convenience, conversion being substantially maintained

throughout the Example.

Example 7 : . :

2.5 parts palm mid-fraction were reacted for 2 days at 40°C with 0.75 pants each of stearic
and arachidic acid. ‘dissolved in 10 })arts etroleumn ether (60-80°C boiling range) by
agitation with 0.25 parts Asp. niger ipaselkieselguhr powder, prepared as described in

Example 2 and previously wetted by shaking for 30 minutes with 0.02 parts water in a sealed

tube. . : .
The fatty products were composed of 47% triglyceride. 11% diglyceride and 42% free
fatty acid withi less than 1% monoglyceride. The triglyccridc contained as % saturated acids

C10.3: Cis 31.3; C1519.5; Cao 15.2 and 30.0 oleic and 3.7 linoleic acid. Analysis of the

acids in the 2-position by pancreatic lipase treatment showed that 97% of the stearic and

arachidic residues’ incorporated into the wriglyceride product occupie

Example 8 )
Candida cvlindracae lipase ex Meito Sangyo Company Limited.was precipitated with

acetone onto kieselguhr by the me thod described in Exaraple 2. 2.5 parts of olive oit and 1.5

parts linoleic acid were dissolved in 8 Ueans of 60-80°C petroleum cther and the solution

reacted with agitation for 2 days at 40°C. with a mixture of 0.137 parts of the supported

lipase and 0.113 parts kieselguhr, previously wetted with 0.02 parts of water as describedin . . .-
~ 50 -

Example 7. After recovery the product contained 50% triglyceride, 11% diglyceride. 39%
free fatty acid and less than 15 monoglyceride. The fatty  acid composition of the
interesterified triglyceride is compared in Table 5 with the original olive oil.

TABLE 5

Fany Acid wt %

’ S " Interesterificd

Olive Oil . ) triglyceride
16:0 1.5 79
16:1 0.2 0.1
18:0 1.8 2.7
18:1 712 55.1
18:2 9.3 34.2

d 1- and 3-positions.
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£ 7 1 577 933 . 7
a 77% of the incorporated linoleate residues of the triglyceride product were found by
. : " analysis to occupy the 1- and 3-positions. compared with 95-98% obtainable with lipases
A8 showing positional specificity. In theory fully non-specific reaction should give 67%
) { incorporation into the 1- and 3-positions. = * - - -
- .L 5 .. . R
B -+ Example 9 ’ - . 5
<y A mixture of equal parts of shea butter and palm mid fraction was dissolved in its own
N weight of 60-80° petroleum ether and reacted for 2 days at 40°C with 0.25 parts of an A.
WTT . o, niger lipase precipitated on kieselguhr as described in Example 2 and wetted before use
(e b 10  with 0.02 parts of water as described in Example 7. After recovery the triglyceride fraction 10
. of the product exhibited a substantial drop. from 37.8% to 18%. of triglycerides of carbon
o, number 50, and a corresponding increase. from 18.5 to 43.7. of those of carbon number 52.
| ‘ A similar change. from 39.1 t0 33.3%. was observed for triglycerides of carbon number 54.
1557 Little change in carbon number occurred below or above those indicated. Determination of
: 1 R 15 the fatty acid compositions showed that from a total of 91.1% unsaturated acid in the 1§

!

»

.
s

-

2-position of the starting triglyceride. a_decrease only to 87.3% was observed in the

corresponding position of the interesterified product. indicating that this position had

participated scarcely at'all in the interesterification, and hence the highly specific nature of

- the enzyme: Comparison with the change in carbon number indicates a substantial shift in
20  2-oleyl disatirated triglycerides. from a mixture of distéaryl and dipalmityl glycerides. to 20

the corresponding 2-oleyl palmityl stearyl glyceride. This was confirmed by the composition

of .the various triglyceride species. calculated by the above-mentioned hypothesis and

compared with the starting material. Change in triglycerides from starting material to the

i product triglycerides was-as follows:- POP 26-13. POSt 9-22. StOSt 17-9. others 48-56. all
25  percentages. . . ‘ 25

-
. a

-3
b

, ’ 4 )
.—-/—A'r——l
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Example 10 : :
. 23 parts of olive oil and 1 of erucic acid. dissolved in 2 pars of 60-80 petroleum cther -
2 were reacted for 3 days at 30°C with 0.25 parts of the A. niger lipase precipitated and wetted
30 as before with 0.02 parts of water. From the product 55% tnglyceride. 11% diglyceride. 30
34% free fatty acid and traces of monoglyceride were recovered and separated. Pancreatic
lipase analysis of the 2-position showed that 95% of the erucate residues present were in the
1- and 3-positions. The amount of monounsaturated Cy and C- adids increased from nil in
. the olive oil to 0.8 and 24.8 respectively in the triglycende product. the principal additional
35  changes being a decrease from 77.2 to 56.3 in the amount of oleic acid present and from 35
11.5 o 7.8% in the palmitic acid present. . :

-
N
Al

«

4
. .
-

Example 11 .
. Example 8 was repeated using as the lipase Geotrichum Candidum. This was grown on a
40 " medium containing as its principal ingredients yeast extract and olive oil. G. Candidum 40
lipase powder was isolated from the resultant broth by ultrafiltration and freeze-drying and
then precipitated onto kieselguhr. with acetone by the method previously described.
24 parts of olive oil and 0.75 parts of linoleic acid. dissolved-in 4 parts of 60-80° petroleum
ether. was reacted for 3 days at 40°C with 0.25 parts of the G. Candidum bound lipase.
45  previously wetted as described in the above Examples. : 45
 Infurther tests the Example was repeated using either the same amount of stearic acid or
- the same amount of both acids together. Substantial linoleic acid incorporation took place

LU —
p

L
~

A

| * g

v

)

£¥)'~ - both in the presence and absence.of stearic acid which however itself remained
) uncombined. - ’
50 ) 50

Example 12 . .

5 parts of each of shea fat and stearic acid were dissolved in 24 parts of petroleum ether of
boiling range 60-80°C and rcacted for 2 days at 40°C with 0.5 pans of A. niger
lipase/kieselguhr powder prepared by precipitation as previously described and .04 parts

55  of water. The product contained 34% triglyceride. Y% diglyceride. 54% free fauy acid and 35
traces of monoglvceride and unidentificd material. probably gum. tcrpene esters and
etcetera amounting to 3%. .

Analysis of the triglyeeride product. recovered by molecular distillation. showed an

increase in stearic acid residues of approximately 15% . substantially all (97%) of which
60  appears in the 1- and 3-positions. A decrease of paimitic (approximately 2%). oleic (10%) 60
and -linoleic (25) acid residues also occurrcd.

e+ e et

. -

-
r—-

B

2t Jte

K
‘-'._

Example 13 . :
600 gms each of palm oil and commercial stearic acid containing 93.8% C 18:0 were
65 dissolved in 2880 ¢ms of commercial hexane and stirred in a closed vessel 1o exclude air for 65
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48 hours at 40°C with 100 gms of kieselguhr powder on which 60 gms of A. niger lipase was
previously precipitated as described, the composition being previously wetted wi 4.8 mis
of water. . .

The powder was removed from the reaction mass by filtration and the hexane evaporated
to give 1175 gms of crude interesterified fat mixture, .

From a portion subjected to molecular distillation at 185°C and 4 x 10~2 atmospheres.

" 595.5 gms of a distillate. was recovered containing free fatty acid and traces of glycerides,

the residue containing 324.8 gms of triglyceride essentially free from fatty acid and 90.6 gms
of diglycerides. The fatty acid analysis of the triglyceride fraction of the residue is compared

. with that of palm oil and the mid-fraction subsequently obtained, in Table 6, in which its

25 gms of the glyceride mixture was fractionated twice by crystallisation from acetonc.

triglyceridc analysis also appears.

In the first fractionation the mixture was dissolved in 1216 gms of actone which was then -

cooled to 0°C and held there for an hour, giving a crystallised mass which after filtration and

_washing twice with 875 mis of acetone each time at 0°C, weighed 201.7 gms. This was

recrystallised from 1000.8 gms.of acetone at 18°C and the filtrate combined with 2 washes,
each of 88.2 gms of acetone at 18°C and evaporated to remove acetone from 113.5 gms of
mid-fraction, consisting of 91% triglyceride and 9%.diglyceride. The latter was removed by
molecular distillation and the triglyceride component of the mid-fraction recovered in 80%
yield by molecular distillation for fatty acid analysis as given in Table 6.

The results show the enrichment of the 1- and 3-positions with stearic acid occurs in the

reaction mixture and that solvent-fractionation yields a mid-fraction which, compared with -

palm mid-fraction itself is enriched in stearic acid and consequently in the valuable POSt
and StOSt glycerides.

TABLE 6

Composition wt %

Reaction product
Fatty Acid - : Palm
Triglyceride mid-fraction Qil
residue .

232 4

38.
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Example 14 . '
Example_13.was repeated using palm mid-fraction instead of palm oil, the hexane
solution after filtration bcing held at 5°C for an hour, precipitating a mixture of free faty

-acid and a, glyceride top fraction. After washing and combining the washings with filtrate

evaporation of the solvent left a fatty residue consisting of glycerides and free fatty acid. 125
.gms of which was submitted to molecular distillation to remove free fatty acid. 75.5 gms of
residue were obtained containing 80% triglyceride and 20% diglyceride and were

“crystallised at 4°C from 755 gms of acetone, {nelding 35 gms of a triglyceride mid-fraction

containing 3.4% diglyceride. Comparison of the fatty acid analysis. of this mid-fraction
;gjmduct to the starting material showed a substantial fall in palmitic acid from 54% to

8% and a corresponding rise. from 6.9% to 44%, in stearic acid content. Smali changes
in the oleic and linoleic acid content also occurred.- The product was shown to contain
719.8% SOS. 2.9% SSO. 5% SSS and 12.3% other glycerides. Physical evaluation was

carried out by determination of its stabilised dilatations, measured as described in British -

Patent Specification No. 827.172 with the following results:- Doy, 1810, Dag 1575, Dy, 985.
DJz_q . D¢ 325 and D, 130. . . . .
These physical data established the suitability of the product for use in confectionery.

-Example 15 i

Punified porcine bnm‘:r‘catic lipase was pr;:cipilated onto kieselguhr by the method already
described for Example 3. The powder obtained exhibited an activity of about 600 Units/gm

. and0.35 parts were dispersed with 0.03 parts of water in fatty reattants comprising 23 parts

25

.30

35 -

40
45
®
55

60

-of a mid-fraction of palm oil and U.5-parts of myristic acid, dissolved in 4 parts pet. ether 60
to 80°C and agitated- at 30°C, The reaction. product contained 50% triglyceride. 19%

- diglyceride, 31% free fatty acid and traces of monoglyceride. The triglyceride fraction was

recovered- and its fatty acid composition determined. By comparison with the palm

-mid-fraction starting material. the myristic acid content increased from 0.7 to 10.1%. while

a decrease of palmitic acid from 54.2 10 44.9 was observed. No substantial change in-C,
acids took place. Analysis of the 2-position of the triglyceride showed that 98%. of the
incorporated myristate residues were present in the 1- and 3-positions. .

Example 16 - - .

0.25 parts of C. cvlindracae lipase supported on kieselguhr powder and previously wetted
with 0.02 to 5 parts of water as described in Example 7. were dispersed in 2.5 parts of olive
o0il and 0.5 parts octanoic acid and agitated for 2 ays at 40°C. The product contained 51%
triglyceride, -15% diglyceride. 34% free fatty acid and traces of monoglyceride. The
triglyceride fraction was recovered and its fatty composition determined. This showed an
increase to 7.9% of Cy saturated acid. Only minor changes were found amonyg. higher
saturated and unsaturated acids. except for 18:1 acid, showing a decrease from 72.8 to 69%.

WHAT WE CLAIM IS:- .

1. Interesterification process in which fatty acid moieties of a reactant composition
comprising a fat are rearranged in liquid phase by interesterification in the presence of a
lipase enzyme interesterification catalyst and an amount of water to activate the enzyme.

2. Process according to Claim 1 in which from 0.2 to 1% water is present by weight of
the reactant composition.

3. Process according to Claim 1 or 2 in which the enzyme is present in an amount from
0.05 1o 5% by weight of the composition. ) ) ’

4.- Process according to any of the preceding claims in which an enzyme is used which is
specific in reactivity with respect to the glycerides interesterified.

5.. Process according to Claim 4 in which the enzyme is selected from one produced by
Rhizopus,. Geotrichum or Aspergillus species.

6. Process according to any of the preceding claims in which the enzyme is produced by
Candida cyllindracae. Geotrichum Candidum. Rhizopus delamar. Rhizopus- arrhizus.
Rhizopus japonicus or Aspergillus ni§er lipase. -

7. Process according to Claim 1. 2 or 3 in which the enzvme is a pancreatic lipase.

8. Process according to any of the preceding claims in which the reaction is carried out
at a temperature from 20 o 60°C at which the enzyme is active.

9. . Process according 1o any of the preceding claims in which an inert support agent is
present to facilitate distribution of the enzyme and water.

10.  Process according to Claim 9 in which the enzyme is dispersed on the support before
use in the process. .

11. Process according to Claim Y or 10 in which from 1 10 10% support agent is present.

12, Process according to Claim Y. 10 or 11 in which the agent comprises diatomaceous
earth. activated charcoal. alumina. glass. carboxymethylcellulose or hvdroxviaptite.

13. Process according 1o any of the preceding claims in which the enzyme is recovered
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! and re-used in the process. ) .
B 14. Process according to any of the preceding claims in which the enzyme is distributed

in a solution in an inert organic solvent of the fat. -

15. Process according to Claim 14 in which the solvent comprises an alkane or -

5 petroleum oil fraction. . :
. 16. Process according to Claim 1 in which a fatty acid is present in a molar ratio of fatto

faity acid from 0.3:1 to 7:1. .
1 17. Process according to Claim 16 in which the acid comprises stearic acid ) 5N
ll 18 Process according to Claim 16 in which the acid com rises linoleic acid. - 1
| o
]

10 19. Process according to any of the preceding claims in W the fat comprises olive, 10
paim, cottonseed, soyabean or sunflower oil or a derivative thereof. . :
20. Process according to Glaim 19 in which the fat comprises a mid-fraction of palm oil. .
" 21. Process according to any of Claims 1 to 18 in which the fat comprises a vegetable . ]
‘ utter. - E
15 22. Process for the preparation. of 1.3-disaturated-2-unsaturated: glycerides from 15 :
glycerides containing at least two unsaturated-fatty acid moieties by an interesterification :
i process according to any of the preceding claims in the presence of a saturated free fatty
fj- ‘ acid using as catalyst a lipase enzyme which is specific in_ reactivity with respect. to the
1,3-positions of the glycerides interesterified and separating a fraction comprising the :
20 resulting 1,3-disaturated-2-unsaturated glyceride from the free fatty acid. 20
i : 23. Interesterification process substantially as hereinbefore described with referenceto
! : the accompanying Examples. L _
. 24. Fats including glyceride oils whenever interesterified by a process as claimed in any
i" of the ‘preceding claims. :
‘ 25 25. Fats. including glyceride oils, interesterified selectively with respect to the 25
glycerides interesterified. . ’ .
26. A.hardened, unsaturated and unelaidinised fat substantially free from saturated -
fa - fatty acid radicals in the 2-position of the unsaturated glycerides thereof. -
N 27. A hardened fat as claimed in Claim 26 comprising at most 42% unsaturated acid.
T 30 radicals in which more than 85% of the acid radicals in the 2-position are unsaturated. 30
; 28. A hardened fat as claimed in Claim 26 or 27 having an lodine Value from 25 to 40.

D. LITHERLAND,
Chartered Patent Agent.
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! . Published by The Patent Office, 23 Southampton Buildings, Londoa, WCIA 1AY from
b . which copies may be obtainéd.
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